z3Na-NMR spectra at 52.9 MHz have been obtained for a series of sodium sulfonate and carboxylate model compounds and for solid poly(styrene-co-styrene sulfonate) and poly(ethylene-co-methacrylic acid). Spectra of the model compounds show spin-rate independent features resembling pure quadrupolar lineshapes, but with anomalies.
INTRODUCTION
One of the intriguing structural questions in polymer science is the arrangement of salt groups in ionomers. Some sort of salt group aggregation is generally held responsible for property enhancement such as toughness, melt viscosity, modulus, etc., commonly observed in these materials. Ionomers, such as Surlyn, R contain a few percent acidic comonomers such as methacrylic acid in addition to polyethylene. Usually the acid groups are at least partially neutralized with metal hydroxides yielding a Na or Zn content of a few weight percent.
There is a great deal of physical data on such systems (i) and a number of theories regarding details of structure of ionic groups.
These theories are supported mainly by x-ray diffraction and scattering data.
A Mossbauer spectroscopy study (2) on Fe +2 salts gave evidence for dimers, clusters, and quasi isolated complexes in vinylpyridine/polybutadiene ionomers.
This probably represents the best spectroscopic study of the arrangement of ions in ionomers but quite obviously Fe § is not of general interest, and may not be structurally representative.
Many studies of the hydration and coordination of the ionic moieties in ionomers have been done in solution (3, 4) .
Recent advances in Nuclear Magnetic Resonance (NMR) have brought forth the possibility of observing reasonably narrow resonances in the solid state. Solid state 23Na-NMR has been pioneered by Oldfield and Kirkpatrick (5) for various minerals and simple compounds, overcoming the initial impression that quadrupolar interactions (I = 3/2 for ~3Na) would preclude observability and that small chemical shifts and broad lines Based on expectations from solution work) would make 23Na studies not worth the effort.
Based on Oldfield's work we were encouraged to pursue 23Na-NMR spectroscopy in solid ionomers which might lead to a better understanding of the arrangement of the salt groups.
Because 23Na has an electric quadrupolar moment, the lineshapes and shifts in NMR are expected to be sensitive to the charge environment around the 2~Na nucleus.
It is to be appreciated that the combined effects of chemical shift and quadrupolar interaction tensors with the further complication of magic angle spinning will not give a lineshape readily interpretable in terms of molecular parameters such as charges and distance of ligands.
However it is reasonable to expect that a variety of lineshapes may be observed which can empirically be associated with a variety of nuclear environments.
The problems of NMR lineshapes for quadrupolar nuclei have been addressed for the slow spinning regime (6) and for the non-spinning regime (7) but neither study applies to our system.
It is well understood that the -1/2 +~ +1/2 transition will be relatively narrow for most quadrupolar cases and there will be dipolar, chemical shift, and second order quadrupolar effects present in the lineshape (5).
In this preliminary report we have investigated the ~3Na-NMR spectra of some simple polycrystalline "model" compounds, some NaOH neutralized 5/95 poly(styrene sulfonate-co-styrene) and 9/91 poly(methacrylic acid~co-polyethylene) [SurlynR] . We show that spectra can be fairly readily obtained, the lineshapes are reproducible and independent of spinning frequency, and, in the case of ionomers, dramatic changes occur in position and lineshape with hydration.
EXPERIMENTAL
Spectra were obtained at 52.9 MHz on an IBM 200 AF spectrometer with a multinuclear probe manufactured by Doty Scientific (Columbia, S.C.).
Spinning at about 4500 Hz was at the magic angle.
Most spectra were obtained with high power decoupling during accumulation after a 3.3 us pulse.
The pulse length was set for maximum 23Na signal intensity, and solid NaCl was used as a chemical reference with ~ = 0. Recycle time was 1 second.
The probe was tuned with a special insert capacitor to minimize reflected power at 52.9 MHz but the Z3C-preamp was used in lieu of a broad banded or selectively tuned preamp and gave a quite strong signal.
The signal-to-noise under roughly comparable conditions was about 20 times that for ZSc observation by direct polarization.
Surlyn samples were used as received. The poly(styrene sulfonate-co styrene) was dissolved in 1,2-dichloroethane titrated with methanolic NaOH and precipitated in isopropanol.
